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Abstract 
Music is a widely explored, yet mysterious auditory stimulus that influences several cognitive 
processes, including attention (Fernandez et al., 2019; Gupta et al., 2018; Medina and Barraza, 
2019). Attention is a complex function that involves interactions among three independent 
networks: alerting, orienting, and executive control. Only recently have studies begun to 
investigate the effect of listening to background music on these attentional networks and very 
few have investigated music outside of the classical genre. To address this gap in the literature, a 
revised lateralized version of the Attention Network Test, (L-ANT) was utilized to measure 
participants’ performance while listening to four auditory stimuli in the background: classical 
music, instrumental reggae music, white noise, and no audio. It was hypothesized that by 
matching the mode and the tempo of the musical selections, a similar effect on each attentional 
network would be observed. The findings support this hypothesis and further analyses of 
behavioral performance showed a significant orienting by audio interaction (F(3, 105) = 6.013, p  
= .001, η2 = .147), a significant audio by congruency interaction (F(3, 105) = 5.304, p  = .002, η2 
= .132), and a significant three-way interaction of orienting by audio by congruency (F(3, 105) = 
5.746, p  = .001, η2 = .141). The audio main effect on alerting was not significant. These findings 
demonstrate that audio influences components of attention in different ways, thus suggesting that 
researchers can optimize current music therapy approaches by further exploring the effect of 
different music styles on attention.   
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The Effect of Different Music Styles on Attention and Cognitive Control 
Music has been universally recognized as one of the world’s most mysterious yet intriguing 
stimulants. This is particularly true in the fields of cognitive psychology and neuroscience where 
researchers have spent decades exploring how music affects cognitive performance in humans. 
Music therapy has been found to be a useful adjunct to clinical care in many healing and 
rehabilitative practices for conditions such as Parkinson’s disease (de Dreu et al., 2012), attention 
deficit hyperactive disorder (Mand, 2018), schizophrenia (Mössler et al., 2011), obsessive 
compulsive disorder, anxiety, and depression (Bidabadi et al., 2015). Music also provides short 
term enhancements on measures of intelligence (Schellenberg, 2005; Schellenberg et al., 2007), 
improved working memory (Mammarella et al., 2007), increased visual processing speed (Roden 
et al., 2014), and improved spatio-temporal reasoning (Rauscher et al., 1995). Amidst all of this 
research, however, it is still unclear how music affects our attention.  
Attention is a complex cognitive function that depends on interactions among neural 
systems in the brain. According to Posner and Peterson (1990), these systems can be categorized 
into three independent attentional networks: alerting, orienting, and executive control. Alerting is 
defined as our readiness to receive and respond to information, orienting describes our ability to 
prioritize sensory input, and executive control is defined as conflict resolution. Fan et al. (2002) 
developed a way to measure all these networks simultaneously by creating the Attention Network 
Test (ANT). Since its initial development, the ANT has undergone several revisions. Most 
recently, Spagna et al. (2020) developed a revised version of the ANT referred to as the lateralized 
Attention Network Test (L-ANT). This task presents stimuli in a lateralized fashion such that 
visual information is provided to the left visual field and the right visual field during the task. 
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There have been a few behavioral studies investigating the role music plays on performance 
in attention-related tasks. Fernandez et al. (2019) used event-related functional magnetic resonance 
imaging and discovered that happy and high-arousing background music was associated with 
faster response times during a selective attention task requiring distractor conflict resolution. Sad, 
low-valence music was associated with slower response times and greater occipital recruitment. 
In addition to influencing arousal and mood, music directly has been found to affect the cognitive 
system through well-defined mechanisms described in Gupta et al. (2018). In this study, Gupta et 
al. (2018) discovered that upon listening to Raga Darbari (Indian classical music), participants 
demonstrated enhanced global brain efficiency, improved local neural efficiency in the prefrontal 
lobe, and increased sustained attention. Like many other research projects, however, these studies 
explored attention from a global approach as opposed to an attentional network approach. In one 
study that explored attentional networks, Medina and Barraza (2019) used the ANT task to explore 
the long-term impact of music training on attentional networks. They found that musically-trained 
individuals had a more efficient executive attentional network as opposed to non-musicians. They 
also found that there was no significant difference in the efficiency of alerting and orienting 
between musicians and non-musicians. Even with the use of the ANT task in this study, however, 
there was no exploration of the short-term exposure to music on attentional networks. Exploring 
how short-term exposure to different music styles may affect all three subcomponents of attention 
is critical to developing a deeper understanding of the effect of music on attention. 
The present study aims to address this gap in the literature by exploring how two different 
genres of music influence all three measures of attention using a modified version of the L-ANT 
adapted to include audio: the Music Lateralized Attention Network Test (M-LANT). The selection 
of the audio for this task was based on decades of literature supporting the use of a theoretical 
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framework known as the “arousal-mood hypothesis”. The arousal-mood hypothesis posits that 
“listening to music affects arousal and mood, which then influence performance on various 
cognitive skills” (Husain et al., 2002). Based on this hypothesis, the tempo of music has been 
associated with perceived arousal and the mode of music (major or minor) has been correlated 
with mood. Given this underlying assumption proposed by the arousal-mood framework, it is 
hypothesized that music, regardless of genre, should have the same cognitive benefits on the ANT 
if their tempo and modes are matching. 
The vast majority of published literature discussing the effect of music on the brain focuses 
specifically on classical music. This leaves the effect of the music genres from other cultural 
backgrounds largely unexplored. Some have gone so far to propose the existence of a “Mozart 
effect” which purports that listening to Mozart’s early music has an enhanced effect (over other 
music styles) on the spatiotemporal performance of brain regions (Rauscher et al., 1995). On the 
other hand, many researchers have more recently begun to propose that the “Mozart effect” is not 
limited to Mozart (Mammarella et al., 2007), nor spatiotemporal reasoning (Schellenberg, 2005; 
Schellenberg et al., 2007).  
The present study aims to address this question of how different music styles impact our 
cognitive performance by incorporating a genre of music that has yet to be explored in a research 
setting: reggae. Reggae music is particularly of interest because it served as the inspiration for 
many of the most popular genres of music today including hip hop, R&B, and pop. As the 
foundational musical inspiration for several genres of music (Dagnini 2019), exploring the effect 
reggae has on attention will offer additional insight on how popular music affects attention. In this 
study, Partita No. 2 in C Minor, BWV 826: II. Allemande by Johann Sebastian Bach (classical) 
and “Jamming” in B Minor by Bob Marley (reggae) were used with a matching volume, tempo, 
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and mode. Comparing the effect of each genre of music on all three networks of attention will 
assist future researchers in making more knowledgeable and detailed predictions about how 
different styles of music may affect performance on attention-related tasks.  
Methods 
Participants 
Participants were thirty-six college-aged individuals (30 women) ranging from 18 to 34 
years old (mean age of 24 years) at the University of North Carolina at Chapel Hill (UNC-CH). 
Seventy-five percent of participants self-identified as white/Caucasian, nineteen percent self-
identified as Asian, and six percent selected “Other”. Inclusion criteria included (a) normal 
hearing (b) 20/20 or corrected-to-20/20 vision (c) no formal music training and (d) no known 
neurological conditions. Exclusion criteria for this study included diagnosis of a neurological or 
psychiatric illness, ongoing use of medication for such neurological or psychiatric illnesses, 
ongoing use of a psychoactive substance (excluding caffeine), and a history of severe head 
trauma. After describing the study in detail, informed consent was obtained via a digital 
signature from participants according to the UNC-CH Institutional Review Board. Participants 
received $15 compensation for participating in the study.  
Procedures 
All participants were recruited online via Research for Me @UNC. Upon signing the 
consent form, participants were given instructions to complete a demographics and handedness 
questionnaire. This questionnaire provided data on participants’ identity as well as information 
that allowed us to determine which hand was dominant for each participant. All participants 
reported right hand dominance. Once the questionnaires were completed, participants were 
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provided a Pavlovia link to the online music Lateralized Attention Network Test (M-LANT) 
where they entered their participant code number to begin the experiment.  
The Music Lateralized Attention Network Test (M-LANT) 
The M-LANT is a modified version of the revised attention network test (Spagna et al., 
2020) that simultaneously measures the efficiency of mechanisms of attention (alerting, 
orienting, executive control) while playing auditory stimuli. Figure 1 depicts the sequence of 
events for the M-LANT. When the experiment began, participants saw a gray background with a 
central fixation cross and two vertically aligned rectangular boxes with black outlines positioned 
to the left and right of the fixation. As described in Spagna et al. (2020), for each task, five 
arrows appeared in either the left or right box. The center arrow was the target and pointed either 
up or down. The other arrows located above or below the target pointed either in the same 
direction (flanker congruent condition) or in the opposite direction (flanker incongruent 
condition) as the target. Congruency was used to measure executive control and there were an 
equal number of trials in the congruent and incongruent conditions. Participants were required to 
indicate the direction of the target by pressing the up or down arrow on their keyboard.  
The target was cued under one of three different cueing conditions: double cue (the 
outline of both boxes changed from black to white), spatial cue (the outline of one of the boxes 
changed from black to white), or no cue (no change in the outline of any of the boxes). The 
double cue provided temporal information about the impending target, regardless of location, 
thus serving as an alerting stimulus. The spatial cue validly or invalidly oriented the participant’s 
attention to either the left or the right side, thus adding spatial information to existing temporal 
information about the impending target. Valid cues prompted participants to attend to the same 
side where the target would appear. Invalid cues prompted participants to attend to the opposite 
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side where the target would appear. Overall, the task was 75% predictive, meaning that 75 
percent of the time, the target appeared in the same box as prompted by the cue.  
The flow of each trial is depicted in Figure 1. Preceding the target by a 500 ms cue-to-
target interval, the change in the outline of the boxes from black to white lasted 100 ms, then the 
target and flankers were presented for 500 ms. Following the arrow presentation, there was a 
variable inter-trial interval ranging from 1200 to 1700 ms, with a mean interval of 1450 ms. Each 
trial had a mean duration of 2550 ms. The test consisted of 8 blocks, with each block containing 
72 trials. Each block contained 36 valid cues, 12 invalid cues, 12 double cues, and 12 no cues. 
Figure 1 
Music Lateralized Attention Network Test 
  
 
Note. (a) Description of the types of cues utilized throughout the experiment to measure alerting 
and orienting aspects of attention. (b) Depiction of congruent vs. incongruent conditions used to 
measure executive control. (c) Full sequence of events for the M-LANT. 
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In total, each block took about 4 minutes to complete, and the entire experiment took 
about 32 minutes. Prior to the beginning of the experimental session, the participant completed a 
shortened block (27 trials) practice session without music. During the practice session, 
participants were provided with feedback on accuracy and response time on each trial. 
Instructions were provided on the computer screen prior to the practice session and during the 
experimental session. It was emphasized that the participants fixate on the central fixation cross 
for the duration of each trial and press the up and down arrows corresponding to the direction of 
the target arrow as quickly and accurately as possible. All participants were instructed to use 
their index finger and middle finger on their right hand to complete the task. Each participant 
completed the task on their own computer and was asked to complete the study in a silent and 
well-illuminated room.  
The final and novel addition to the task was the audio. There were a total of eight blocks 
for each participant. As described in Figure 2, the first and last blocks consisted of no audio. The 
middle six blocks consisted of a randomized order of three background music selections which 
were presented twice in the same order for each participant. Within each of these blocks, the 
participant either listened to (1) instrumental reggae music, (2) classical music, or (3) white 
noise. The three conditions were counterbalanced across subjects so that there were an equal 
number of participants participating in all six versions of the study.  
Figure 2  
Example Flow Chart for M-LANT by Block 
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Note. Each square represents a block. Participants completed two blocks with no audio (at the 
beginning and end) and six blocks in between with a randomized order of audio that was 
repeated. As a result, each participant heard each musical selection twice during the task. 
Materials 
REDcap- REDcap is a browser-based, secure web application developed to capture data 
for clinical research using online surveys and databases. This platform was used to acquire 
informed consent, manage participant data, and complete the following self-report 
questionnaires.  
Demographic and Handedness Questionnaire: This demographic self-report 
questionnaire, approved by the UNC Chapel Hill Institutional Review Board, documented 
information regarding participants’ age, general health, vision, ethnicity, race, sex, and gender 
identity. The accompanying handedness questionnaire documented participants’ hand preference.  
Music Self-Report Questionnaire: This self-report instrument was utilized to document 
participants’ familiarity and enjoyment of the music played during the task as well as their 
general, day-to-day music listening tendencies. Additionally, a 5-point Likert scale was utilized 
to assess participants’ self-reported level of alertness and calmness after listening to each piece 
of music.  
Auditory Stimuli: In this experiment, both genres of music had a similar tempo 
(associated with perceived arousal) and the same mode (associated with mood). Each participant 
performed the Music Lateralized Attention Network Test (M-LANT) while listening to 
“Jamming” in B Minor by Bob Marley (123 bpm), Partita No. 2 in C Minor, BWV 826: II. 
Allemande by Johann Sebastian Bach (120 bpm), and white noise. After each block, participants 
completed an “auditory check” where they ranked three audio selections based on how similar 
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they were to the background music they heard during the block. These checkpoints consisted of 
three, ten second excerpts with each one representing the classical, reggae, or white noise genre.  
PsychoPy and Pavlovia: The M-LANT was programmed in PyschoPy, an open-source 
software platform written in Python for experimental psychology and neuroscience studies. The 
PsychoPy study was uploaded to an online format known as Pavlovia. Participants performed the 
experiment through Pavolvia in their web browser. 
Analytic Plan 
A statistical power analysis was performed for sample size estimation, based on data 
from Jiang et al., 2011 (N=36), comparing the effect of music-induced mood on attentional 
networks. The partial effect size (ES) in this study was 0.06, considered to be medium using 
Cohen's (1988) criteria. With an alpha = .05 and power = 0.95, the projected sample size needed 
with this effect size (GPower 3.1) was approximately N = 36 for this within group comparison.  
All final analyses were performed using Microsoft Excel and SPSS software. Given that 
the instructions for the task mentioned both accuracy and speed, the degree to which participants 
focused on accuracy and speed in their responses may have differed within the sample. 
Therefore, a metric reported as the inverse efficiency score was used to account for both the 
accuracy and reaction time. “Inverse efficiency is calculated for each subject as the subject's 
average response time on correct trials of a given trial type divided by the subject's accuracy for 
that trial type as a fraction out of 100” (Meyer, et al. 2018). These scores were then entered into 
four within subject repeated measures ANOVAs. The first (Table 1) was a 2 x 4 x 2 ANOVA 
with factors of Orienting (valid and invalid cues), Audio (classical, reggae, white noise, and no 
audio), Congruency (congruent vs. incongruent). The second (Table 2) was a 2 x 4 x 2 ANOVA 
with factors of Alerting (double cue, no cue), Audio (classical, reggae, white noise, and no 
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audio), and Congruency (congruent, incongruent). The third (Table 3) was a 2 x 2 x 2 ANOVA 
with factors of Orienting (valid, invalid), Music (classical, reggae), and Congruency (congruent, 
incongruent). The final analysis (Table 4) was a 2 x 2 x 2 ANOVA with factors of Alerting 
(double cue, no cue), Music (classical, reggae), and Congruency (congruent, incongruent). Effect 
sizes were reported as partial eta-squared. The cue types for these analyses were separated to 
allow for in-depth analysis of the alerting and orienting aspects of attention. As stated previously, 
alerting can be interpreted through the temporal information obtained by responses to the double 
cue/no cue comparison whereas orienting can be interpreted through the additional spatial 
information introduced by valid and invalid cues. Executive control was explored through the 
factor of congruency and was incorporated into all of the analyses. 
 
Results 
All Audio: Orienting & Executive Control ANOVA 
Results of a 2 x 4 x 2 within subject repeated measures ANOVA with factors of orienting 
(valid cue, invalid cue), audio condition (classical, reggae, white noise, no audio), and 
congruency (congruent, incongruent), are all described in Table 1 using inverse efficiency 
scores. As shown in Figure 3, the orienting main effect as defined by a comparison between the 
inverse efficiency scores for invalid and valid cues was significant (F(1, 35) = 51.047, p < .001, 
η2 = .593).  Participants had a faster inverse efficiency score for the valid cue condition. As 
depicted in Figure 4, there was also a significant audio main effect (F(3, 105) = 4.236, p = .007, 
η2 = .108) with white noise having the fastest inverse efficiency score. Figure 5 indicates that the 
congruency main effect was significant as well with congruent conditions having a faster inverse 
efficiency score (F(1, 35) = 192.131, p  < .001, η2 = .846).  
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There were three notable significant interactions which are described in Figures 6 – 8. As 
indicated by the slopes of the line graph, compared to the white noise and no audio conditions, 
participants had a greater orienting effect while listening to classical and reggae music (Figure 
6). In Figure 7, the reggae appears to have the greatest congruency effect and in Figure 8, a 
significant three-way interaction demonstrates that both the classical and reggae audio conditions 
have a greater congruency effect during the invalid cues compared to the no audio and white 
noise audio conditions. 
 
Figure 3 
Orienting Main Effect 
  
Note. The inverse efficiency scores for valid (blue) and invalid (grey) cues. This main effect was 
significant (F(1, 35) = 51.047, p < .001, η2 = .593). 
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Figure 4 
Audio Main Effect 
 
Note. Inverse efficiency score by audio condition. The audio main effect was significant (F(3, 
105) = 4.236, p = .007, η2 = .108). 
Figure 5 
Congruency Main Effect 
 
Note. The inverse efficiency score by congruency. This main effect was significant (F(1, 35) = 
192.131, p  < .001, η2 = .846). 
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Figure 6 
Orienting by Audio Interaction 
 
Note. The inverse efficiency scores by audio and orienting (valid versus invalid cues). The 
orienting by audio interaction was significant (F(3, 105) = 6.013, p  = .001, η2 = .147). 
Figure 7 
Audio by Congruency Interaction 
 
Note. The inverse efficiency scores by audio and congruency. The audio by congruency 
interaction was significant (F(3, 105) = 5.304, p  = .002, η2 = .132). 
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Figure 8 
Orienting by Audio by Congruency Interaction 
 
Note. The inverse efficiency scores by orienting (valid versus invalid cues), audio, and 
congruency. This three-way interaction was significant (F(3, 105) = 5.746, p  = .001, η2 = .141). 
 
All Audio: Alerting & Executive Control ANOVA 
Results of a 2 x 4 x 2 within subject repeated measures ANOVA with factors of alerting 
(double cue, no cue), audio condition (classical, reggae, white noise, no audio), congruency 
(congruent, incongruent) are described in Table 2. The alerting main effect (Figure 9) was trending 
(F(1, 35) = 3.801, p = .059, η2 = .098) with the no cue condition having a slightly faster inverse 
efficiency score compared to the double cue condition. The overall congruency main effect (Figure 
10) was also significant (F(1, 35) = 88.941, p < .001, η2 = .718) where participants had a faster 
inverse efficiency score for the congruent condition as compared to the incongruent condition. 
Lastly, there were no significant effects or interactions with audio, alerting, and executive control 
with this analysis. 
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Figure 9 
Alerting Main Effect 
 
Note. Effect of double cue (purple) and no cue (black) on inverse efficiency score. The alerting 
main effect was trending (F(1, 35) = 3.801, p = .059, η2 = .098).  
Figure 10 
Congruency Main Effect 
 
Note. Effect of congruent (blue) and incongruent (yellow) cues on the inverse efficiency score. 
The congruency main effect was significant (F(1, 35) = 88.941, p < .001, η2 = .718). 
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Discussion 
 Attention is defined by three interrelated, yet independent attentional networks: alerting, 
orienting, and executive control. While many studies have begun to explore the impact of 
classical music on our attention, no study to our knowledge has compared the short-term effect 
of classical and reggae music on the three networks of attention: alerting, orienting, and 
executive control. In the present study, the Music Lateralized Attention Network Test (M-
LANT) was developed and utilized to determine the effect that classical and reggae music had on 
all three attentional networks. It was hypothesized that the music, regardless of genre, would 
have a similar effect on each network if the tempo and modes were matching. The results 
supported this hypothesis. 
 To analyze the data, two important steps were taken. Firstly, the results have been 
reported using inverse efficiency (average reaction time from correct trials divided by the 
accuracy) which is a metric utilized to account for speed accuracy trade-offs during the task. 
Secondly, the ANOVAs were separated such that valid and invalid cues were analyzed 
separately from double cues and no cues in order to interpret effects on orienting and alerting 
respectively.  
Orienting is defined as the prioritization of sensory input. The orienting main effect was 
replicated and found to be significant (Figures 3). This step was critically important as it 
confirmed that the task was effectively designed to replicate the expected orienting effects 
observed in previous versions of the ANT. According to Table 1 and Figure 6, the orienting by 
audio interaction was significant (F(3, 105) = 6.013, p  = .001, η2 = .147) and showed that the 
classical and reggae music had a similar orienting effect that was greater than that of the white 
noise and no audio conditions. This interaction makes sense because compared to the white noise 
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and no audio conditions, the background music added a more complex soundscape. 
Consequently, subjects may have had a more difficult time prioritizing sensory input when trying 
to listen to the music and identify the location of the target in invalid trials (when the target 
appeared on the opposite side of the cue). There was also a notable three-way interaction (Figure 
8) of orienting by audio by congruency which was also significant (F(3, 105) = 5.746, p  = .001, 
η2 = .141). This three-way interaction showed that the variability among the audio conditions 
was most present with the invalid, incongruent conditions. Once again, this intriguing finding 
aligns with reasoning. With more information to interpret, participants may have found it more 
challenging to respond quickly and accurately to the onset of the target when having to use 
energy to interpret the background music while simultaneously identifying the location of the 
target in invalid trials and using conflict resolution to indicate the correct direction of the target 
arrow. Interestingly, although more people self-reported finding the reggae music to be more 
distracting than the classical music (Table 5), this three-way interaction shows that their 
performance on the task regardless of the music type was very similar. 
Alerting is defined as the readiness to receive and respond to information. The alerting 
main effect was trending (F(1, 35) = 3.801, p = .059, η2 = .098), but in the opposite direction as 
was expected. More specifically, Figure 9 indicates that the no cue condition had a slightly faster 
inverse efficiency score compared to the double cue condition whereas in previous literature, the 
double cue condition typically prompted a faster response from participants because they were 
being warned that the target would appear on screen. Given that the alerting main effect was not 
replicated from previous findings, this could possibly explain why the interaction between audio 
and alerting was not significant (Table 2). However, follow up research should investigate why 
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the alerting main effect was not observed in order to more definitively conclude whether an 
interaction between alerting and audio exists. 
Executive control is defined as conflict resolution and an interaction is assessed through 
congruency. The congruency main effects (Figures 5 and 10) were replicated (p’s < .001). Figure 
7 depicts the significant audio by congruency interaction (F(3, 105) = 5.304, p  = .002, η2 = 
.132). Interestingly, the music conditions appear to have a slightly greater congruency effect 
compared to the other audio conditions. It is possible that similar to the interaction with 
orienting, the music conditions demand more energy resources to engage with the music while 
performing the task, thus resulting in higher inverse efficiency scores for incongruent trials. 
Lastly, there was a significant main effect of audio depicted in Figure 4 which appears to 
be explained by the slightly faster average reaction time for the white noise audio condition. 
Additionally, Tables 3 and 4 indicate the results of the 2 x 2 x 2 ANOVAs with factors of cue 
(valid & invalid or double & no cue), music (classical and reggae), and congruency (congruent 
and incongruent). The orienting and congruency main effects were significant in both ANOVAs 
whereas the alerting main effect was not significant. The interaction of music (classical and 
reggae) with the three aspects of attention (alerting, orienting, and executive control) was not 
significant. 
In the end of study self-report questionnaire, 66% of participants reported that they 
“strongly agree” or “agree” that the reggae music made them feel more alert. This is much higher 
compared to the classical (47.2%) and white noise (33.3%) conditions (Table 7). Based on Table 
6, participants were more likely to listen to classical music than reggae music on a regular basis. 
In addition, 52.8% of participants shared that they were familiar with the classical music played, 
while only 25% of participants shared that they were familiar with the reggae music played 
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(Table 5). This all suggests that the participants may have been less likely to expect to hear 
reggae music during the task as compared to classical music. This may have contributed to an 
increase in focus on performing well during the task. It is also interesting to note that 47.2% of 
participants reported feeling distracted by the reggae music as opposed to 13.9% for classical and 
19.4% for white noise (Table 5). Despite this perception, participants performed just as well with 
the reggae music compared to the classical music. 
Limitations/Future Directions 
 Due to the COVID-19 pandemic guidelines and restrictions, participants were asked to 
complete the study at home, un-monitored. This limitation may have resulted in a variety of 
auditory conditions as participants completed the experiment in an uncontrolled environment. To 
control as much as possible for this variability, all participants were asked to wear headphones 
while completing the study.  
 In addition, no eye tracking techniques were employed for this study and as a result, there 
was no direct measure of participants’ eye position throughout the task. This may limit the 
conclusions made regarding the differences in average reaction time based on the side of the 
screen the target appeared on because eye movements must be avoided to interpret effects due to 
the lateralization of the presentation of stimuli. To address this, participants were carefully 
instructed and reminded throughout the experiment to remain focused on the central fixation 
cross.  
 Lastly, participants’ experience and performance could have varied depending on the 
device they used to complete the task. In the post-experiment self-report questionnaire, the type 
of device utilized was recorded. While the vast majority of participants reported the use of a 
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laptop, two participants reported using a desktop computer with a monitor less than 21.5” and 
two other participants reported using a desktop computer with a monitor greater than 21.5”. The 
visual presentation across devices was normalized to fit any screen in use, however, participants 
viewing experience could have been impacted by how closely they sat to the screen and the angle 
at which they were viewing the visual stimuli. Even among laptop users, there could have been 
variability in the size of the arrow keys used to respond to the task that were unable to be 
controlled for with this experiment. For future directions, it is important to consider 
standardizing supervision across participants to reduce the probability of participant error 
unknown to the researcher and ensure full understanding of the task at hand. 
 Future research should build on this study by using tasks like the Attention Network Test 
to continue to simultaneously measure the effect of music on all three components attention. 
Studies should also explore the effect of music with a major mode and varying tempos to 
determine whether this has any different impact from the findings in this study (which used high 
tempo music in a minor mode). The significant main effect of audio indicates that different sonic 
environments do, in fact, influence how well subjects perform on this task. This confirms the 
need for a more diverse use of music styles in this research to better explore how they may 
interact differently with each component of attention. In the same vein, future research should 
also explore how other music styles beyond classical music and reggae music impact our 
attentional networks. Lastly, research should also incorporate EEG analysis to determine whether 
different music styles have a direct neural impact on the brain.  
The clinical applications of this research are significant in the area of music therapy. 
Given how useful music has already been determined to be as an adjunct for clinical care and 
treatment for psychological conditions, a deeper understanding of how different styles of music 
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affect different components of attention could help researchers efficiently optimize current 
rehabilitative practices involving music therapy. For example, Abramov et al., 2019 used the 
Attention Network Test to explore which aspects of attention are impaired with individuals who 
have been diagnosed with attention deficit hyperactive disorder (ADHD). Their findings suggest 
that individuals with ADHD have impaired alerting and executive control networks. The results 
of the present study indicate that music impacts each of the three attentional networks in 
different ways. Therefore, through a deeper understanding of how the different qualities of music 
affect our attentional networks, clinicians may be able to directly target and address impaired 
attentional networks using music. 
Conclusion 
 This study was the first to assess and compare the effect of classical music and reggae 
music on the Lateralized Attention Network Test. It was discovered that while the interaction 
between alerting and music was not significant, there was a statistically significant interaction 
between orienting and audio as well as congruency (executive control) and audio. Additionally, 
there was a significant main effect of audio where white noise had a lower inverse efficiency 
score compared to the classical and reggae music. Interestingly, there was a significant orienting 
by audio interaction which showed that the music conditions (classical and reggae) had a greater 
orienting effect compared the no audio and white noise conditions. Lastly, there was a strong 
three-way interaction among orienting, audio type, and congruency which demonstrated that the 
inverse efficiency score varied by audio type the most in the invalid incongruent conditions.  
The implications of this research extend far beyond this study. In a world where our 
attention is increasingly being pulled in multiple directions, developing a better understanding of 
the ways in which we can better attend to our tasks at hand is of particular importance. 
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Moreover, this research demonstrates that through a better understanding of how different music 
styles affect attention, we can optimize music therapy to better address attention related 
psychological conditions on the rise in society today.  
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Orienting & Executive Control ANOVA: All Audio Conditions 
Source df F-statistic p-value η2 
Orienting 1 51.047 .000 .593 
Audio 3 4.236 .007 .108 
Congruency 1 192.131 .000 .846 
Orienting*Audio 3 6.013 .001 .147 
Orienting*Congruency 1 26.197 .000 .428 
Audio*Congruency 3 5.304 .002 .132 
Orienting*Audio*Congruency 3 5.746 .001 .141 
Note. Main effects and interactions for 2 X 4 X 2 ANOVA with factors of Orienting (valid cue, invalid cue), Audio (Classical, 
Reggae, White Noise, No Audio), and Congruency (congruent, incongruent). Inverse efficiency measures. 
 
Table 2 
Alerting & Executive Control ANOVA: All Audio Conditions 
Source df F-statistic p-value η2 
Alerting 1 3.801 .059 .098 
Audio 3 1.918 .131 .052 
Congruency 1 88.941 .000 .718 
Alerting*Audio 3 .724 540 .020 
Alerting*Congruency 1 3.658 .064 .095 
Audio*Congruency 3 .925 .432 .026 
Alerting*Audio*Congruency 3 .961 .414 .027 
Note. Main effects and interactions for 2 X 4 X 2 ANOVA with factors of Alerting (double cue, no cue), Audio (Classical, 
Reggae, White Noise, No Audio), and Congruency (congruent, incongruent). Inverse efficiency measures. 
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Table 3 
Orienting & Executive Control ANOVA (Classical & Reggae)  
Source df F-statistic p-value η2 
Orienting 1 59.746 .000 .631 
Music 1 .917 .345 .026 
Congruency 1 152.687 .000 .814 
Orienting*Music 1 .242 .646 .007 
Orienting*Congruency 1 44.260 .000 .558 
Music*Congruency 1 1.444 .238 .040 
Orienting*Music*Congruency 1 .183 .672 .005 
Note. Main effects and interactions for 2 X 2 X 2 ANOVA with factors of Orienting (valid cue, invalid cue), Music (Classical, 




Alerting & Executive Control ANOVA (Classical & Reggae)  
Source df F-statistic p-value η2 
Alerting 1 3.034 .090 .080 
Music 1 1.118 .298 .031 
Congruency 1 49.922 .000 .588 
Alerting*Music 1 .299 .588 .008 
Alerting*Congruency 1 3.064 .089 .081 
Music*Congruency 1 .556 .461 .016 
Alerting*Music*Congruency 1 .623 .435 .018 
Note. Main effects and interactions for 2 X 2 X 2 ANOVA with factors of Alerting (double cue, no cue), Music (Classical, 
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Music: Orienting & Executive Control ANOVA 
Results of a 2 x 2 x 2 within subject repeated measures ANOVA with factors of orienting 
(valid cue, invalid cue), music condition (classical, reggae), and congruency (congruent, 
incongruent) are described in Table 3.  
Figure A1 
Orienting Main Effect (Classical & Reggae) 
 
Note. The inverse efficiency score for orienting (valid and invalid cues). The main effect was 
significant (F(1, 35) = 59.746, p < .001, η2 = .631). 
Figure A2 
Congruency Main Effect (Classical & Reggae) 
 
Note. The inverse efficiency scores for congruency. The main effect was significant (F(1, 35) = 
152.687, p < .001, η2 = .814). 
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Figure A3 
Orienting by Congruency (Classical & Reggae) 
 
Note. The inverse efficiency score for orienting (valid and invalid cues) and congruency. This 
interaction was significant (F(1, 35) = 44.260, p < .001, η2 = .558). 
Music: Alerting & Executive Control ANOVA 
Results of a 2 x 2 x 2 within subject repeated measures ANOVA with factors of alerting 
(double cue, no cue), music condition (classical, reggae), and congruency (congruent, 
incongruent) are all described in Table 4.  
Figure A4 
Alerting Main Effect (Classical & Reggae) 
 
Note. The inverse efficiency scores for alerting (double cue, no cue). The main effect was 
trending (F(1, 35) = 3.034, p = .090, η2 = .080). 
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Figure A5 
Congruency Main Effect (Classical & Reggae) 
 
Note. The inverse efficiency scores for congruency The main effect was significant (F(1, 35) = 
49.922, p < .001, η2 = .588). 
Figure A6 
Alerting by Congruency Interaction (Classical & Reggae) 
 
Note. The inverse efficiency scores for alerting (double cue, no cue) and congruency This 
interaction was trending (F(1, 35) = 3.064, p = .089, η2 = .081). 
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All Audio ANOVA Results 
Figure A7 
Orienting by Congruency Interaction (All Audio Conditions) 
 
Note. The inverse efficiency scores by orienting and congruency. The orienting by congruency 
interaction was significant (F(1, 35) = 26.197, p  < .001, η2 = .428). 
Figure A8 
Alerting by Congruency Interaction (All Audio Conditions) 
  
Note. The inverse efficiency score by alerting and congruency. The alerting by congruency 
interaction was trending (F(1, 35) = 3.658, p = .064, η2 = .095). 
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Figure A9 
Overall Average Accuracy by Participant 
 
Note. Average accuracy on the M-LANT by participant. The average accuracy overall for the 36 
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End of Study Self Report Questionnaires 
Participant (Demographic) Questionnaire 
 
Participant ID # :________________                                   Date: __________________ 
 
The following questions are designed to provide some background information that may be important 
to the experiment that you are participating in. All Information is confidential. Although the information 
is very useful in this research, you are not required to provide it. 
 
1. What is your current age? ___________ 
 
2. General and Current Health:  
 
Have you ever been diagnosed with a neurological or psychiatric illness, such as 
epilepsy?     
Yes_____   No_____ 
Are you now or have you ever used medication associated with a neurological or 
psychiatric illness? 
Yes_____   No_____ 
Are you currently under the influence of a psychoactive substance (excluding caffeine)? 
Yes_____   No_____ 
Have you ever suffered any severe head trauma? 
Yes_____   No_____ 
 
3. Eyes and Vision 
 Do you ever wear glasses?   
 Yes______   No______ 
 If Yes, when?   
 Distance______     Reading_______ 
 Do you notice any difference in vision between your left and right eyes? 
 Yes______ No______ 
 Have you ever had corrective eye surgery?   
 Yes_____   No_____ 
 Which eye do you use when using only one (e.g., telescope, keyhole)?  _______ 
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4. Ethnicity: 
 Hispanic or Latino   ___ 
 Not Hispanic or Latino   ___ 
 Unknown or not reported   ___ 
 
5. Race: 
 African-America/Black   ____ 
 American-Indian/Alaska native   ____ 
 Asian            ____ 
 Native Hawaiian/Other Pacific Islander ____ 
 White/Caucasian   ____ 
 More Than One Race   ____ 
 Decline to State   ____ 
 
6. What sex were you assigned at birth (Choose all that apply):               
       Female _______                  
       Intersex ______ 
       Male _______ 
       Decline to state _________ 
 
7.Which of the following describe your gender identity (Choose all that apply): 
       Woman _______                  
       Man ______ 
       Cisgender _______ 
       Transgender _______ 
       Nonbinary/Genderqueer _______ 
       Self-Identify _______ 
       Decline to state _________ 
 




Participant code # : ________ 
      
Indicate Hand Preference 
Always 
Left 
Usually    
Left 






            
1.  To write a letter legibly           
2.  To throw a ball to hit a target           
3.  To play a game requiring the use of a 
racquet            
4.  At the top of a broom to sweep dust 
from the floor           
5.  At the top of a shovel to move sand           
6.  To hold a match when striking it           
7.  To hold scissors to cut paper           
8.  To hold thread to guide through the 
eye of a needle           
9.  To deal playing cards           
10. To hammer a nail into wood           
11. To hold a toothbrush while cleaning 
teeth           
12. To unscrew the lid of a jar           
      
Are either of your parents left-handed?  If yes, which? _______________   
How many siblings do you have who are left handed?  _____________        
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Table 5 
Familiarity & Self-Reported Experience with Audio 
Question Yes Unsure No 
Did you enjoy listening 
to the white noise? 
 
21 (58.3%) 7 (19.4%) 8 (22.2%) 
Did you enjoy listening 
to this classical piece? 
 
31 (86.1%) 1 (2.8%) 4 (11.1%) 
Did you enjoy listening 
to this reggae piece? 
 
28 (77.8%) 2 (5.5%) 6 (16.7%) 
Did you find the 
classical music to be 
distracting? 
 
5 (13.9%) 4 (11.1%) 27 (75.0%) 
Did you find the reggae 
music to be distracting? 
 
17 (47.2%) 2 (5.5%) 17 (47.2%) 
Did you find the white 
noise to be distracting? 
 
7 (19.4%) 3 (8.3%) 26 (72.2%) 
Have you heard this 
reggae piece before? 
 
9 (25%) 2 (5.5%) 25 (69.4%) 
Have you heard this 
classical piece before? 
  
19 (52.8%) 13 (36.1%) 4 (11.1%) 


























not at all 
 
How often do you 
listen to classical 
music? 
 
3 6 4 11 12 
How often do you 
listen to music (of 
any genre) when 
trying to focus on 
a task? 
 
12 5 10 7 2 
How often do you 
listen to reggae 
music? 
 
0 0 2 15 19 
Note. Participants shared how often they typically listen to music via this 5-point Likert scale. 
 
 
Auditory Checkpoint Selections  
• Bark by John Deley and the 41 Players (reggae) 
• French Suite No. 2 in C minor BWV 813 Menuet by Johann Sebastian Bach (classical) 
• Rain by the MC2 Method (white noise) 
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Table 7 




Agree Undecided Disagree 
Strongly 
Disagree 
Did the classical piece 
make you feel alert? 
 
1 (2.8%) 16 (44.4%) 8 (22.2%) 8 (22.2%) 2 (5.5%) 
Did the reggae piece 
make you feel alert? 
 
7 (19.4%) 17 (47.2%) 4 (11.1%) 6 (16.7%) 2 (5.5%) 
Did the white noise 
make you feel alert? 
 
5 (13.9%) 7 (19.4%) 9 (25%) 11 (30.6%) 4 (11.1%) 
Did the classical piece 
make you feel calm? 
 
10 (27.8%) 20 (55.6%) 3 (8.3%) 2 (5.5%) 1 (2.8%) 
Did the reggae piece 
make you feel calm? 
 
3 (8.3%) 10 (27.8%) 7 (19.4%) 11 (30.6%) 5 (13.9%) 
Did the white noise 
make you feel calm? 
 
8 (22.2%) 14 (38.9%) 7 (19.4%) 6 (16.7%) 1 (2.8%) 
Did the classical piece 
make you feel sleepy? 
 
3 (8.3%) 12 (33.3%) 6 (16.7%) 14 (38.9%) 1 (2.8%) 
Did the reggae piece 
make you feel sleepy? 
 
0 (0.0%) 3 (8.3%) 4 (11.1%) 18 (50%) 11 (30.6%) 
Did the white noise 
make you feel sleepy? 
 
7 (19.4%) 10 (27.8%) 8 (22.2%) 11 (30.6%) 0 (0.0%) 
Note. Participants shared their responses to the questions via this 5-point Likert scale. 
 
 
